Abstract-Let G = (V, E) be a simple graph with vertex set V and edge set E. A function f from V to a set {-1, 1} is said to be a nonnegative signed dominating function (NNSDF) if the sum of its function values over any closed neighborhood is at least zero. The weight of f is the sum of function values of vertices in V. The nonnegative signed domination number for a graph G equals the minimum weight of a nonnegative signed dominating function of G. In this paper, exact values are found for cycles, stars, wheels, spiders and complete equally bipartite graphs and we present some lower bounds for nonnegative signed domination number in terms of the order and the maximum and minimum degree. Fothermore, we show that the decision problem corresponding to the problem of computing the nonnegative signed domination number is NP-complete.
In this paper we shall use the terminology of [1] .
In many application areas, e.g., computational biology [2, 3, 13] , social network analysis [4] , and web mining [5] , computational linguistics [6] , this data is naturally structural and can often be interpreted as relational objects, i.e., as graphs. In applied mathematics, there is an important concept on graphs: signed dominating. . The weight of f , ( ) w f , is defined as ( ) f V .The signed domination number ( ) s G γ of G is the minimum weight of a signed dominating function on G . In [7] , Dunbar introduced this concept and it has been studied by several authors [8, 9, [16] [17] [18] .
In the following we give the definition of the nonnegative signed domination number of a graph. We introduce the following notation which we shall frequently use in the proofs that follow. For a given NNSDF f on a graph G , we will let V + and V − be the set of vertices in G that are assigned the value 1 + and 1 − , respectively, under f .
For example, the Hajós graph H , shown in Fig 
II. PROPERTIES OF NONNEGATIVE SIGNED DOMINATION
First we state two lemmas. and u is adjacent to v . Then u is adjacent to at most one vertex of V + . Therefore ( [ ]) 1 f N u ≤ − , which contradicts to the assumption that f is a NNSDF. Then 
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Lemma 1. Let f be a NNSDF on G and let S V
Proof. Let f be a 
Proof. 
Then g is a NNSDF and
Consider the mapping : 
when n is odd. Now consider the mapping :
Then g is a NNSDF on n K and ( ) 0 w g = when n is even and ( ) 1 w g = when n is odd. In conclusion, ( ) 0 
We mark the vertices of 1 ( ) V G by 1 2 , ,..., n v v v and mark the vertices of
If any of
is empty, we assume that 
In the similar way, we have
If n is odd, we consider the mapping :
If n is even, by Lemma 1, we have
From the above, the assertion follows.
Theorem 8. A NNSDF f on a graph G is minimal if and only if for every vertex v V
Let f be a minimal NNSDF and assume that there is a vertex v with ( ) 1
. Define a new function : We have 
Since f is a NNSDF on G , for
Solving the inequality, we have 1 
and H can be constructed in polynomial time. Note that if G is a bipartite or chordal graph, then so too is H . We note that, for any nonnegative signed dominating function g , for each
is a dominating set for G . that a set is or is not a dominating set. These remarks show that it takes a polynomial amount of time to verify whether G has a dominating set of cardinality at most k when k is fixed. Hence for fixed k , problem DM P ∈ . In contrast, we now show that for a fixed k , the problem NNSD can be NP -complete. To see this, we will demonstrate a polynomial time reduction of the nonnegative signed domination problem to the following zero nonnegative signed domination problem.
Lemma 4. Let f be a NNSDF on H and
Problem: 
and verify that f has weight at most 0 and is a NNSDF.
We next show how a polynomial time algorithm for ZNNSD could be used to solve NNSD in polynomial time. Let L be a graph of Figure 3 . Then L has a NNSDF of weight -1 as illustrated. In fact, ( ) 1 
Given a graph ( , ) H V E
= and a positive integer j , 
Let f be the restriction of g on ( ) V H and let i f be the restriction of
Let F be the graph of Figure 4 . Then F has a NNSDF of weight -1 as illustrated. In fact, ( In this part, we do some work on the extension of nonnegative signed domination, i.e , the inverse signed total domination number of a graph. We obtained the exact values of the inverse signed total domination number of special graph classes.
Definition 2. For a simple graph G with 1
is said to be a inverse signed total dominating function if for every 
Then f is an inverse signed total dominating function of n P and 0 ( ) Proof. We mark the center of .□
